A 64-year-old female patient was admitted to a general intensive care unit with sustained hypotension resulting from severe sepsis. Her admission plasma B-type natriuretic peptide was elevated (407 pg/ml), and echocardiogram displayed normal ventricular dimensions and function. The right ventricular end-diastolic diameter increased with acute fluid loading, and this coincided with a parallel increase in B-type natriuretic peptide. Subsequent fluid depletion was accompanied by a reduction in both right ventricular end-diastolic diameter and B-type natriuretic peptide. The present case indicates that acute fluid loading may alter plasma B-type natriuretic peptide levels, and highlights the importance of taking the clinical context into account when interpreting these levels.
B-type natriuretic peptide (BNP) is a valuable tool in predicting the presence of cardiac dysfunction [1] [2] [3] . Its secretion by the ventricles occurs within minutes in response to ventricular wall stress (elevated preload and afterload) 4 . A number of confounding factors have been identified, including age, gender and haemodialysis 3, 5 . In the intensive care unit (ICU), circulating BNP levels may also be influenced by haemodynamic management which increase or decrease ventricular wall stress, e.g. fluid resuscitation and diuresis. We present a case examining the relationship between BNP levels and acute fluid loading in a patient with septic shock, and highlighting the importance of obtaining serial measurements and interpreting BNP levels within the clinical context in the intensive care setting.
CASE HISTORY
A 64-year-old woman with a history of hepatitis C and atrial fibrillation presented to the Emergency Department with generalized pain and hypotension.
She had been vomiting for the last few days and experienced profuse diarrhoea over the previous 24 hours. She admitted bleeding when urinating. She looked pale and physical examination demonstrated an irregular pulse with a rate of 110 bpm, and systolic blood pressure of 50 mmHg. She was afebrile, the white blood cell count was 2.4×10 9 /l, the haemoglobin level was 109 g/l and the platelet count 44× 10 9 /l. Her plasma urea was 19.1 mmol/l and creatinine 587 µmol/l. Despite receiving 5 litres of fluid resuscitation and vasopressor (noradrenaline 20 µg/kg/min) support, she remained hypotensive (BP 76/47 mmHg) and anuric. She was transferred to the intensive care unit (ICU) for further management.
On arrival in the ICU (Day 1), she was still hypotensive (BP 80/50) and the central venous pressure was 20 mmHg. She was intubated because of refractory hypoxaemia. ECG and transthoracic echocardiography demonstrated AF rhythm, biatrial dilatation with mildly increased left atrial pressure (22 mmHg; as determined from the difference between peak systolic blood pressure and mitral regurgitant peak pressure gradient). Otherwise both ventricles displayed normal systolic function and dimensions. Mild pulmonary hypertension was present and the inferior vena cava (IVC) was dilated and non-collapsing. Plasma BNP level was 407 pg/ml. Fluid resuscitation was initiated in response to the sustained hypotension. Noradrenaline administration was increased to 70 µg/kg/min and vasopressin was also given. She was diagnosed with gram negative rod (Escherichia coli) septicaemia the next day (Day 2), and antibiotic treatment was commenced.
Positive fluid balance was maintained up to Day 4. The BNP increased to 1280 pg/ml on Day 2 and remained above 1000 pg/ml till Day 4. The increase in BNP was accompanied by a parallel increase in right ventricular end-diastolic diameter (Figures 1 and 2) . The left ventricle showed mild dilatation on Days 3 and 4 ( Figure 1 ). Both ventricles displayed normal systolic function. Diuretic therapy was initiated on Day 4 and a negative cumulated fluid balance of 1.6 l was achieved on Day 5. Both right and left ventricles reduced in size and the BNP level decreased to subbaseline level on Day 5. The BNP and right ventricu-lar end-diastolic diameter remained at or near baseline values from Day 6 onwards despite a significant positive cumulative fluid balance thereafter ( Figures  1 and 2) .
The patient received positive pressure support ventilation with positive end-expiratory pressure (PEEP) applied at 10 cmH 2 from 444 (Day 1) to 230 mmol/l (Day 2) and remained stable thereafter. It gradually rose again on Day 6 and the patient subsequently required continuous veno-venous haemofiltration. She developed multi-organ failure and continued to deteriorate from Day 10. She died four days later.
DISCUSSION
B-type natriuretic peptide is now regarded as a cardiac hormone secreted by the ventricles in response to cardiac wall stress. The primary physiological function of BNP is to correct the maladaptation of the renin-angiotensin-aldosterone system and the sympathetic nervous system in heart failure by inhibiting both systems and by promoting natriuresis and diuresis. As a result, the preload and afterload are reduced. Measurement of BNP has been vigorously promoted as a screening device. A higher than normal reading is highly predictive of cardiac dysfunction. The sensitivity and negative predictive values typically reached >90% in various settings. In the ICU, a BNP level of >144 pg/ml strongly indicates the presence of cardiac dysfunction. The elevated baseline BNP level (407 pg/ml) for this patient probably reflected the underlying atrial fibrillation and increased filling pressure.
The use of BNP as a screening tool is, however, complicated by the presence of a number of confounding factors with the most notable ones being age and gender 3 . Other factors have also been identified to affect circulating BNP levels, e.g. haemodialysis, angiotensin converting enzyme inhibitors, diuretics and β-blockers 5, 7, 8 . Given its exceptional geometry and thin-walled structure, acute fluid overloading (increasing preload) can lead to prompt right ventricular stretching. In the first few days, our patient displayed the signs of acute fluid overloading, i.e. right ventricle and inferior vena cava dilatation, despite normal ventricular systolic function. The rise in BNP levels was noted to almost coincide with the increase in right ventricular end-diastolic diameter, consistent with the notion that BNP is released in response to ventricular wall stretch. Abating the right ventricle wall stretch by fluid depletion (diuresis) also promptly reduced the plasma BNP level. This relationship suggests that right ventricular wall stretch due to overfilling may be a causative factor for the rise in BNP levels in the ICU.
One may question why plasma BNP did not rise on and after Day 6 despite a significant positive fluid balance. The lack of change in the right ventricular end-diastolic diameter suggested that the extra fluid received by the patient was not retained in the intravascular compartment. Instead, it was likely that the fluid had spilled out of the vascular tree due to sepsis-induced capillary leakage. The fact that the patient developed oedema after Day 6 supports capillary leakage.
The present case demonstrated that BNP secretion and clearance in response to fluid loading status occurs rapidly. This can be explained by the presence of the "TATTTAT" sequence in the BNP gene since this gene sequence suggests that there is a high turnover rate of BNP mRNA and spontaneous synthesis of BNP in response to physiological stimuli. B-type natriuretic peptide gene expression is induced within one hour in response to volume and pressure overloading. This sequence also suggests that there is rapid degradation of the mRNA after the loss of stimuli 4 . The half-life of BNP is approximately 22 minutes 6 .
In summary, the present case strongly suggests that, in the absence of sepsis-induced vascular leakage, acute fluid overloading may lead to an increase in right ventricular end-diastolic diameter and plasma BNP. Two main implications arise from this case: (1) BNP may potentially be used as an indicator of overfilling during fluid resuscitation; and (2) the clinical context must not be neglected when interpreting BNP levels in the ICU setting, especially when attempting to use BNP as a guide for therapy in cardiac patients in the intensive care setting.
